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Predicting Liver-Related Outcomes

in People With Nonalcoholic Fatty
Liver Disease: The Prognostic Value of
Noninvasive Fibrosis Tests

Amy L. Johnson b2 Kelly L. Hayward 12 Preya Patel >* Leigh U. Horsfall,"? Alvin Ee Zhiun Cheah,’ Katharine M. Irvine,’
Anthony W. Russell,*” Katherine A. Stuart,> Sue Williams,® Gunter Hartel,” Patricia C. Valery ,Y* and Elizabeth E. Powell"**

It remains unclear whether screening for advanced fibrosis in the community can identify the subgroup of people with
nonalcoholic fatty liver disease (NAFLD) at higher risk for development of liver-related complications. We aimed to
determine the prognostic value of baseline noninvasive fibrosis tests for predicting liver-related outcomes and mortality
in patients with NAFLD from type 2 diabetes (T2D) clinics or primary care. Patients (n = 243) who were screened
for NAFLD with advanced fibrosis by using NAFLD fibrosis score (NFS), fibrosis 4 score (FIB-4), enhanced liver
fibrosis (ELF) test, and liver stiffness measurements (LSMs) were followed up for clinical outcomes by review of elec-
tronic medical records. During a median follow-up of 50 months, decompensated liver disease or primary liver cancer
occurred in 6 of 35 (17.1%) patients with baseline LSM > 13 kPa, 1 of 17 (5.9%) patients with LSM 9.5-13 kPa, and
in no patients with LSM < 9.5 kPa. No patient with low-risk NFS developed liver decompensation or liver-related
mortality. Following repeat NFSs at the end of follow-up, all patients with a liver-related complication were in the
high-risk NFS category. Patients who developed liver-related complications were also more likely to have baseline high-
risk FIB-4 scores or ELF test 29.8 compared to patients who did not develop liver outcomes. Conclusion: Liver fibrosis
risk stratification in non-hepatology settings can identify the subset of patients at risk of liver-related complications.
Although the rate of development of a decompensation event or hepatocellular carcinoma was low (2.1% per year) in
our patients with compensated cirrhosis (LSM > 13 kPa), these events are projected to lead to a substantial increase
in NAFLD-related disease burden over the next decade due to the high prevalence of NAFLD in people with obesity
and T2D. (Hepatology Communications 2022;6:728-739).

onalcoholic fatty liver disease (NAFLD) is  type 2 diabetes (T2D)."? Although most people with
an increasingly important chronic liver dis- NAFLD do not manifest clinically significant liver
ease due to its high prevalence in up to 80% disease, 5%-10% develop advanced fibrosis and are at

of people with obesity and in 40%-70% of people with  risk of developing complications of cirrhosis, including
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Abbreviations: BMI, body mass index; CI, confidence interval; ELF enhanced liver fibrosis; FIB-4, fibrosis-4; HCC, hepatocellular carcinoma;
HR, hazard ratio; IQR, interquartile range; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; NFS, nonalcoholic fatty
liver disease fibrosis score; T2D, type 2 diabetes.
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hepatocellular carcinoma (HCC), over a period of
10-20 years.(3) A central issue is the ability to detect
the patients at greatest risk of liver complications
among the vast number of affected individuals. The
key prognostic marker for adverse liver outcomes is
the presence of advanced fibrosis (including bridging,
stage 3) and cirrhosis (stage 4),(3) which can be esti-
mated using noninvasive biomarkers, such as serum
fibrosis or ultrasound-based measurement
of liver stiffness or elasticity.(4) However, despite an
increasing liver-related burden of NAFLD,(S) cardio-
vascular disease and extrahepatic malignancy remain
the leading causes of death in this patient group.”’’
Due to the high prevalence of NAFLD in primary
care and in people with cardiometabolic risk factors,
several local health districts and specialty networks are
exploring the role of integrated referral pathways and
management plans for NAFLD.® Once a diagno-
sis of NAFLD is made, assessment of fibrosis severity
is important in order to guide decisions about patient
referral and follow-up. Although there are currently no
guidelines for NAFLD assessment in the community
in Australia, “expert opinion” recommends using simple
fibrosis scores (NAFLD fibrosis score [NFS] or fibro-
sis-4 [FIB-4] test) as a first step to identify individuals
at low risk of advanced fibrosis who can be managed
in primary care. People with indeterminate or high-risk
simple scores need additional assessment with second-
line fibrosis tests (such as ultrasound elastography or
serum enhanced liver fibrosis [ELF] test), and those at
increased risk of significant liver disease require hepa-
tology referral for confirmation of advanced fibrosis.'?
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It remains unclear, however, whether screening for
advanced fibrosis in the community can identify the
subgroup of people with NAFLD at higher risk for
mortality, development of liver-related complications,
or adverse cardiovascular or malignancy-related events.
In addition, it is not clear whether the cut-off values
for noninvasive biomarkers used to estimate advanced
fibrosis and cirrhosis are optimal for the prediction of
clinical outcomes. In this study, we sought to deter-
mine the prognostic value of baseline individual sim-
ple fibrosis scores, liver stiffness measurement (LSM),
or serum ELF test for predicting liver- and non-liver-
related outcomes as well as mortality in patients from
an endocrine clinic or primary care facility who under-
went screening for NAFLD with clinically significant
fibrosis. ' In addition, we examined the prognostic
value of longitudinal changes in the NFS and FIB-4

scores for predicting clinical outcomes.

Patients and Methods

PATIENTS AND BASELINE
CLINICAL DATA

Patients recruited to our prior study assessing
the prevalence of NAFLD with clinically signifi-
cant fibrosis in T2D clinics and at-risk populations
13) were followed up for clinical
outcomes by review of electronic medical records.

in primary care

Informed written consent was obtained from

patients, and the protocol was approved by the
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Metro South Health and University of Queensland
human research ethics committees (HREC/15/
QPAH/301; UQ2015001047). In the prior study,
medical history was obtained during consultation
using a structured questionnaire, including socio-
demographic characteristics, previously diagnosed
liver disease, medical conditions, and use of medica-
tions. Alcohol intake was assessed using a standard-
ized questionnaire and the Alcohol Use Disorders
Identification Test."Y Patients underwent a clinical
assessment that included anthropometric measure-
ments, laboratory tests (routine biochemical, hema-
tologic, and serologic assays and ELF test), and liver
ultrasound.

Transient elastography was performed after
a 3-hour fast by using FibroScan technology
(Echosens, Paris, France) with the standard M or
XL probes in line with the manufacturer’s instruc-
tions. Examinations were performed by a trained
clinical nurse (L.UH.; >400 LSMs performed)
and reviewed by a hepatologist with extensive
FibroScan experience (>2,000 LSMs performed).
Recommended standard FibroScan operating proce-
dures were followed along with adherence to criteria
for the definition of reliable LSMs as follows: min-
imum of 10 valid measurements with a success rate
of 260% and interquartile range (IQR) <30% of the
final result. The XL probe was used when the skin-
capsule depth was 2.5 cm. For the purposes of this
study, we used LSM cut-oft values of 8.0 kPa for
clinically significant fibrosis, 29.5 kPa for advanced
fibrosis, and >13 kPa to indicate cirrhosis; the same
cut-off value was used for both probes.!

Fibrosis risk stratification using NFS and FIB-4
scores was obtained using readily available online
calculators hosted by MDCalc (https://www.mdcalc.
com/fibrosis-4-fib-4-index-liver-fibrosis#evidence;
https://www.mdcalc.com/nafld-non-alcoholic-fatty
-liver-disease-fibrosis-score#evidence). The online
FIB-4 calculator applied an age-adjusted lower cut-
off (<2.0) to exclude advanced fibrosis in patients
aged 265 years,'” whereas the NFS calculator did

not.

FOLLOW-UP CLINICAL DATA

All patients recruited to our prior study had at
least one entry in the hospital electronic medical
record. Each patient’s electronic medical record was
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reviewed to determine the date of the last recorded
medical contact and to collect clinical data, including
date and type of liver-related events, cardiovascu-
lar events, malignancy, most recent anthropomet-
ric measurements, laboratory tests, imaging, and
FibroScan results (if available). The electronic med-
ical record provided access to each patient’s public
hospital admission discharge summaries, procedures,
pathology results, and imaging reports through-
out the state. Private pathology services were also
accessed if hospital pathology results were not avail-
able within the last 2 months. If the last recorded
event was >12 months before the date of ascertain-
ment of follow-up data and/or information in the
patient’s electronic medical record was deemed to
be insufficient to capture all events of interest, the
patient’s general practitioner was contacted to pro-
vide further information. We did not contact pri-
vate hospitals. A flow diagram for ascertainment of
follow-up data is available in Supporting Fig. S1.
Clinical data were collected by two physicians
(E.E.P. and A.L.J.) and a research nurse (L.U.H.),
and a sample of 20 patients was cross-checked for
concordance of data collection.

OUTCOME MEASUREMENTS

The primary outcome measures were (i) the devel-
opment of a liver-related complication, including
a) liver decompensation with ascites (confirmed by
paracentesis or abdominal imaging), hepatic enceph-
alopathy (defined clinically), or variceal hemorrhage
(confirmed by endoscopy); b) primary liver cancer
(HCC or cholangiocarcinoma, diagnosed by imaging
methods or by histology); and ¢) portal hypertension
(splenomegaly, varices, or portosystemic collaterals);
and (ii) mortality (death of any cause). Secondary
outcome measures were a change in fibrosis risk cat-
egory after recruitment, development of malignancy
(excluding primary liver cancer), and cardiovascular
events.

DATA ANALYSIS

Continuous variables were described by mean and
SD or, if appropriate, median and IQR. Categorical
variables were presented as counts and percent-
ages. For nonpaired analyses, significant differences
between groups were assessed by # test (continuous
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variables) and chi-squared test (categorical vari-
ables; Fisher’s exact test was used for sparse tables).
For paired analyses, significant differences between
groups were assessed by Wilcoxon signed-rank test,
exact McNemar’s test, and Broker’s test. Kaplan-
Meier curves (log-rank statistic) were generated for
time to liver-related event stratified by a) LSM < 8
kPa, LSM 8 to <9.5 kPa, 9.5 to 13 kPa, and >13
kPa(13); b) low, indeterminate, or high-risk NFS; c)
low, indeterminate, or high-risk FIB-4 score; and d)
ELF score < 9.8, ELF score 29.8, ELF score >11.3.
All cases were followed up until date of liver-related
event, date of death, or date of last medical contact,
whichever came first. Multivariable Cox regression
analysis reported in terms of hazard ratios (HRs) with
associated 95% confidence intervals (Cls) was used to
assess differences by LSM, NFS, FIB-4, or ELF scores
as a continuous measure with respect to liver-related
event, mortality, non-liver malignancy, and cardiovas-
cular events. The models were adjusted for age and
known cirrhosis before recruitment. The proportional
hazards assumption was examined by the Schoenfeld
residuals in STATA version 16.1 (StataCorp, College
Station, TX).

Results

PATIENT COHORT AND CLINICAL
OUTCOMES

The study cohort comprised 243 of 252 patients
with NAFLD recruited from T2D clinics and at-
risk populations in primary care between October
2015 and August 2017.%% Patients in the cohort
had at least 12 months follow-up or had died within
12 months of follow-up. One patient withdrew con-
sent for the study, and 8 patients had <12 months
follow-up. The median age of the 8 excluded
patients was significantly lower than the rest of the
cohort (P = 0.028), and fewer excluded patients
were recruited from the Diabetes Clinic (P = 0.047,;
Supporting Table S1). Demographic and clinical
characteristics at the time of recruitment and at the
time of last follow-up are summarized in Table 1.
LSM > 13 kPa, consistent with cirrhosis, was pres-
ent in 35 patients (14.4%) at recruitment and was
a new diagnosis in 30 (85.7%) of these 35 patients.

Another patient with known cirrhosis at study
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recruitment had an LSM that did not meet quality
criteria. Characteristics of the 6 patients with known
cirrhosis at the study recruitment are summarized in
Supporting Fig. S2.

The median follow-up time from recruitment
to the last medical contact recorded in the hospi-
tal/primary care electronic medical record or date
of death was 4.18 years (range, 0.52-5.62 years;
IQR, 3.71-4.50 years). At follow-up, there was a
small decrease in the proportion of patients with
class 2 and 3 obesity (P < 0.001) and a decrease
in median serum alanine aminotransferase level
(P < 0.001) and serum albumin level (P < 0.001).
The median NFS at follow-up was significantly
higher (P < 0.001), but there was no significant dif-
ference between NFS categories (P = 0.197). The
median FIB-4 at follow-up was significantly higher
(P < 0.001), with significant difference according
to FIB-4 categories (P < 0.001). A higher propor-
tion of patients with LSM 29.5 kPa was seen in a
hepatology clinic in the past 12 months compared
to patients with LSM < 9.5 kPa (61.5% vs. 14.4%,
respectively, P < 0.001).

Seven patients (2.9%) experienced at least one
liver decompensation event (ascites, n = 2; variceal
bleeding, n = 1; hepatic encephalopathy, n = 1) or
primary liver cancer (HCC, n = 3; cholangiocarci-
noma, n = 1) during the follow-up period. Of these
7 patients, 6 had evidence of portal hypertension
(endoscopic or radiologic evidence of varices, n = 4;
other radiologic features of portal hypertension,
n = 2). An additional 12 patients developed portal
hypertension (endoscopic or radiologic evidence of
varices, n = 9; other radiologic features of portal
hypertension, n = 3). The baseline characteristics of
patients with (n = 19) and without (n = 224) a liver-
related complication are summarized in Table 2.
Patients who developed a liver-related complica-
tion had higher baseline body mass index (BMI)
(P = 0.029) and higher LSM, ELF, and simple
fibrosis scores (all P < 0.001). All patients with a
liver-related complication had T2D, and 6 (31.6%)
patients were known to have cirrhosis at recruitment.

Overall, 35 patients (14.4%) experienced a non-
liver malignancy (excluding nonmelanoma skin can-
cers; melanoma, n = 8; breast, n = 7; cervical, n = 4;
prostate, n = 3; colorectal, n = 3; pancreatic, n = 2;
chronic lymphocytic leukemia, n = 1; lung, n = 1;
lymphoma, n = 1; esophageal, n = 1; renal cell, n = 1;
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TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS (N = 243*) AT RECRUITMENT
AND LAST MEDICAL REVIEW

At Recruitment At Follow-Up PValue
Age (years), median (IQR) 59 (50.0-67.0)
Recruited from diabetes clinic, n (%) 102 42.0%
Male sex, n (%) 129 53.1%
Caucasian ethnicity, n (%) 192 79.0%
Type 2 diabetes diagnosis, n (%) 202 83.1% 205 84.4% 0.250*
Extrahepatic malignancy, n (%) 25 10.3% 35 14.4% 0.002*
Cardiovascular disease, n (%) 55 22.6% 97 39.9% <0.001*
BMI (kg/m?), median (IQR) 33.5 (29.8-39.3) 32.8 (28.5-38.3) <0.001%
BMI category, n (%) <0.001¢
Normal weight 10 4.5% 17 7.6%
Overweight 48 21.6% 61 27.5%
Class | obesity 64 28.8% 60 27.0%
Class Il obesity 50 22.5% 42 18.9%
>Class Il obesity 50 22.5% 42 18.9%
Known cirrhosis at recruitment? 6 (2.5%) -
Serum liver enzymes, median (IQR)
ALT (IU/mL) 33 (22-52) 27 (20-40) <0.001%
AST (IU/mL) 23 (17- 35) 23 (18-32) 0.984%
GGT (IU/mL) 33 (20-60) 34 (21-57) 0.416°
Platelet (x107) 241 (204-290) 243 (195-288) 0.222%
Albumin (g/L) 41 (39-43) 40 (37-43) <0.001%
LSM (kPa), median (IQR)* 6.1 (4.89.1)
LSM (kPa) categories, n (%)
<8 149 (61.3%)
8-9.4 20 (8.2%)
9513 17 (7.0%)
>13 35 (14.4%)
unreliable 22 9.1%)
NFS, median (IQR)** -0.23 (-1.41100.48) 0.02 (-1.06 t0 0.90) <0.001%
NFS, n (%)**
Low 39 17.6% 41 18.5% 0.197%
Indeterminate 124 55.9% 110 49.6%
High 59 26.5% 71 32.0%
FIB-4 score, median (IQR)"" 0.99 (0.69-1.41) 1.21 (0.85-1.61) <0.001°
FIB-4,n (%)
Low 143 59.1% 184 76.0% <0.001%
Indeterminate 89 36.8% 45 18.6%
High 10 4.1% 13 5.4%

*9 patients excluded from original study cohort™® (n = 8, follow-up <12 months; n = 1, withdrawal of study consent).

fexcluding nonmelanoma skin cancers.

*exact McNemar’s test.

SWilcoxon signed-rank test.

li21 patients without a BMI completed within 12 months were excluded.

9L.SM 13 kPa, n = 5; LSM did not meet quality criteria, n = 1.

22 patients with unreliable LSM results were excluded.

*n =222 (n = 20 excluded as BMI > 1 year from corresponding blood test results; n = 1 excluded with myelodysplastic syndrome).
Mh=242(n=1 patient excluded due to myelodysplastic syndrome).

Abbreviations: ALT; alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase.
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TABLE 2. BASELINE CHARACTERISTICS OF PATIENTS WITH AND WITHOUT A LIVER-RELATED

COMPLICATION
No Liver-Related Complication Liver-Related Complication

Baseline Variables n=224 n=19 PValue
Age (years), median (IQR) 59 (50-66.5) 62 (56-70) 0.23*
Male sex, n (%) 119 (63.1%) 10 (52.6%) 0.97°
Historical alcohol use, n (%) 0.78*

none 63 (28.1%) 4(21.1%)

<20 g/day 107 (47.8%) 11 (57.9%)

>20 g/day 54 (24.1%) 4(21.1%)
Smoking status, n (%) 0.68*

Never smoker 120 (63.6%) 9 (47.4%)

Ex-smoker 81 (36.2%) 9 (47.4%)

Current smoker 23 (10.3%) 1(5.3%)
BMI (kg/m?), median (IQR) 32.9 (29.3-38.23) 37.6 (31.3-45.3) 0.029*
BMI categories, n (%) 0.047*

Normal weight 10 (4.5%) 1(5.3%)

Overweight 56 (25.0%) 1(5.3%)

Class | obesity 66 (29.5%) 5(26.3%)

Class Il obesity 49 (21.9%) 3(15.8%)

>Class Il obesity 43 (19.2%) 9 (47.4%)
Type 2 diabetes, n (%) 183 (81.7%) 19 (100.0%) 0.041*
LSM (kPa), median (IQR)* 6.0 (4.7-8.2) 17.1 (14.1-34.3) <0.001*
LSM (kPa) categories, n (%) <0.001*

<8 149 (66.5%) 0

8-9.4 20 (8.9%) 0

9.5-13 14 (6.3%) 3(15.8%)

>13 21 (9.4%) 14 (73.7%)

unreliable 20 (8.9%) 2 (10.5%)
Known cirrhosis at recruitment, n (%) 0 6 (31.6%) <0.001*
ELF score, median (IQR) 9.18 (8.56-9.81) 10.74 (9.45-11.4) <0.001*
ELF categories, n (%) <0.001*

<9.8 168 (75.0%) 5(26.3%)

9.810<11.3 51 (22.8%) 9 (47.4%)

>11.3 5(2.2%) 5(26.3%)
Baseline NFS, median (IQR) -0.54 (-1.52100.31) 0.49 (0.03-2.19) <0.001*
Baseline NFS categories, n (%) <0.001*

Low 45 (20.1%) 0

Indeterminate 130 (68.0%) 7 (36.8%)

High 49 (21.9%) 12 (63.2%)
Baseline FIB-4, median (IQR) 0.97 (0.67-1.35) 1.61(1.21-2.89) <0.001*
Baseline FIB-4 categories, n (%) <0.001*

Low
Indeterminate
High

*Wilcoxon signed-rank test.
Pearson’s chi-squared test.
Fisher’s exact # test.

138 (61.6%)
82 (36.6%)
4(1.8%)

%n = 221 patients with LSM meeting quality criteria.

5 (26.3%)
7 (36.8%)
7 (36.8%)
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small bowel, n = 1; supraglottic plasmacytoma, n = 1;
uterine, n = 1), with 10 of these malignancies develop-
ing during follow-up (Table 1). A total of 97 patients
(39.9%) had a diagnosis of cardiovascular disease. In
42 of these patients, the diagnosis of cardiovascular
disease was first noted after recruitment.

During the follow-up period, 17 patients (7%)
died, with causes of death listed in Supporting
Table S2. Causes of death included cardiovascular
(n = 4), extrahepatic malignancy (n = 3), liver related
(n = 3), infection related (n = 2), unknown (n = 1), and
other (n = 4).

RELATIONSHIP BETWEEN
BASELINE SCORES AND
LIVER-RELATED COMPLICATIONS

Baseline LSM

LSM met quality criteria in 221 (90.9%) patients
and required use of the XL probe in 76.9% of cases.
Median LSM was 6.1 kPa (IQR, 4.8-9.1) with a range
from 2.5 to 63.9 kPa. The proportion of patients with
LSM 28.0 kPa (consistent with clinically significant
fibrosis), 29.5 kPa (consistent with advanced fibrosis),
and >13 kPa (consistent with cirrhosis), according to
development of liver-related outcomes, is summarized
in Table 2. Of the 19 patients with a liver-related com-
plication, baseline LSM was >13 kPa in 14 patients,
9.5-13 kPa in 3, and did not meet quality criteria in
2 patients. Of the 7 patients who experienced a liver
decompensation event and/or diagnosis of primary
liver cancer, 6 had baseline LSM > 13 kPa and 1 had
baseline LSM 9.5-13 kPa.

After adjustment for age and known cirrho-
sis before recruitment, patients with LSM > 13 kPa
were 27.4 times more likely to have a liver-related
event than patients with LSM < 13 kPa (95% CI,
7.86-95.50; P < 0.001). For every 1 unit increase in
LSM, there was a 7% increase in the hazard of having
a liver-related event (HR, 1.07; 95% CI, 1.05-1.10;
P < 0.001), with a similar result following adjustment
for age and known cirrhosis status (HR, 1.07; 95%
CI, 1.04-1.10; P < 0.001).

In patients with compensated cirrhosis (LSM > 13
kPa), the rate of development of a decompensation
event was 2.1% per year and the rate of development
of HCC was 2.1% per year (annual incidence of HCC,
20.8 per 1,000 person-years).
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Baseline Simple Fibrosis Scores

The proportion of patients with low, indeterminate,
or high baseline NFS and FIB-4 scores, according to
development of liver-related complications, is sum-
marized in Table 2. No patient with a liver-related
complication had a low-risk baseline NFS score. In
contrast, a low FIB-4 score was present at baseline in
5 patients.

Baseline ELF Score

In Australia, the ELF test is marketed with a rec-
ommended cut-off value of 29.8 for “severe fibro-
sis.”’® Standardized thresholds for the ELF test for
the detection of advanced fibrosis (9.8) and cirrho-
sis (11.3) have been described and are recommended
for use in the interpretation of test results.!” The
proportion of patients with ELF < 9.8, ELF 9.8 to
<11.3, and 211.3, according to development of liver-
related outcomes, is summarized in Table 2. Of the
19 patients with a liver-related complication, baseline
ELF score was 211.3 in 5 (26.3%), 9.8 to <11.3 in 9
(47.4%), and <9.8 in 5 patients (26.3%).

Each patient’s baseline scores according to baseline
LSM and presence of liver-related complications are
represented in Fig. 1, which illustrates the clustering
of several high scores in patients with liver outcomes.

The relationship between liver histology and clin-
ical outcomes was not assessed in our study because
liver biopsy was performed in only a small number of
patients (n = 47) at baseline.

LIVER-RELATED COMPLICATIONS
AND SIMPLE FIBROSIS SCORES AT
FOLLOW-UP

A follow-up NFS was not available for 21 patients
(BMI > 1 year from corresponding blood test results,
n = 20; myelodysplastic syndrome, n = 1). Six of the 7
patients with a liver decompensation event or primary
liver cancer at follow-up also had a high-risk NFS at
tollow-up. One patient with a liver decompensation
event (and ascites at recruitment) did not have a fol-
low-up NFS due to the lack of a recorded BMI. Of
the 18 patients with a follow-up NFS and any liver-
related complication, NFS was high risk in 13 patients
(18 liver-related complications) and indeterminate in

5 patients (5 with portal hypertension; Table 3).



JOHNSONET AL.

HEPATOLOGY COMMUNICATIONS, Vol. 6, No. 4, 2022

“100ued 10AT] ATewntad )y ‘53U249 Tonesuadwoddp ‘(T :SUONEIAAIqAY

‘1891 mhuovﬂOHm*

*(s3nsa1 3593 poo[q Burpuodsarrod woy 1eaf T < IND) juoned T ur o[qereARUN QN msl\sozo.«_r

3593 JOUXD S IYST

*(sTeo3e][0d dTwaIsAsorrod 1o sadtrea AreSowousyds) uorsusyradAy errod pue ‘(ewounIedoIFUEIOYD puE D) TIULD
1oa1] Arewnxd ‘(a8eyrrowoay [eadtrea ‘sayse Ayyedoreydosus onedoy) syuoas uonesuaduwodop apnpour suonEIdUWOd PAIE[aI-IOAT] (OUIODINO PIIE[II-IOAT] SUO ULY) AIOW ALY Aptr wuﬁﬁu@@

*(sworpuis onsedsdpofadur 03 onp papnoxe juened | = u) gpg = U

3593 SHEAN-TE SO,
il

*(sworpuAs onserdsAporaAwr Yatm papn[oxa T = U {53[NsaI 1531 poo[q Surpuodsaizod woxy 1eaf T < JIALY S POPNIIXd 07 = U) 77T = U,

(%0°01) v (%0020) ¢ (%0°01) v oL=Uu"ydiy

(%6°0) L (%1'82) 6T (%0'79) LG 68 = U ajoujuwalepu|

,1000> %y (%92l 8l (%0'98) €Tl ey L =UuMmoT
(%% mo1) U "8109S H-g|4 aul|aspg

(%9'vL) vy (%¥'52) 61 0 6G=U"ydiH

(%8'12) LT (%T0L) L8 (%1'8) 0l T L = U sipuLIBiepyl

4910 0 (%5°02) 8 (%5'64) 1€ 6 =U"MO]
(%% mo) U 'S4N auljesng

Q:.Bo__oh pup aul@sng 1o mw:omw_co
81095 {7-g14 pup S4N JO UoSLIDAWO9 8SIMIIDg
1100°0> (%8¢9) £ (%6'8) v (%8°¢) L 11000 (%691) Tl (%S'1) G 0 ,(%) U uoisuspiadAy [opod
17500 (%L0) 1 0 0 11060 %y 1) L 0 0 (%) uAyndojoydsous olyndaH
I7S0°0 (CAA 0 0 11050 (CAZN 0 0 (%) U 'pss|q [D8OLDA
1100'0> (%291 9 (%6'8) 7 %91 ¢ 12000 TNV %L ¢ 0 (%) U 's30LIDA
1o (%L0) 1 0 (%50 L 11050 (%Y 1) L 0 0 ,(%) U 'sayiosy
11000~ (%€ € 0 0 18€0°0 (%zv) e 0 0 (%) U"00H
11000~ (%0'62) € (%e2) 1 0 1810°0 (%8°6) v 0 0 (%) U "s100uDo Jon| Aowid
sSUOLINdI|dwod pajnjal-IanI]
49500 Gey-LIe) LIy LSyvom vey  (Lyy-0L€) Sy +1000> (67 vv1'€) 8Ty (85 ¥-¥8°€) ¥T'¥ (L0'y-9¢°€) £9°¢ (yo1) unipaw ‘(sineA) swi dn-mojjo4

an|oAd gL=u Gy=u ygL=u an|oAd LL=u oLL=u ly=u
ybiH a|puIwIBlepU| MO ubiy alouluLBlepU| MOT

(¢vg = u,) 21008 p-gi4 dn-mojjo4

(zzz = u,) SAN dn-mojjo4
SATIODALVI A0S v-91d ANV SAN ‘SHINOD.LNO ALV TAY-UIAIT € ATIVL

735



JOHNSONET AL.

A follow-up FIB-4 score was not available for 1
patient with myelodysplasia. Five of the 7 patients
with a liver decompensation event or primary liver
cancer had a high-risk FIB-4 at follow-up (1 patient
with cholangiocarcinoma had an indeterminate score
and 1 patient with ascites had a low score). Of the
19 patients with any liver-related complication, FIB-4
was high risk in 7 patients (12 liver-related compli-
cations), indeterminate in 5 patients (5 liver-related
complications), and low risk in 7 patients (7 liver-
related complications).

As illustrated in Table 3, when comparing baseline
NFS with follow-up scores, there was no statistically
significant change in NFS categories (P = 0.161).
Regarding FIB-4, most patients with a low FIB-4 at
baseline had a low score at follow-up (86%); 64% of
patients with an intermediate score at baseline had a
low score at follow-up; of the small number of high
scores at baseline (n = 10), 60% had an intermediate
or low score at follow-up (P < 0.001).

NON-LIVER MALIGNANCY AND
CARDIOVASCULAR EVENTS
ACCORDING TO BASELINE LSM,
ELF, AND SIMPLE FIBROSIS SCORE
CATEGORIES

The patterns of development of malignancy (exclud-
ing nonmelanoma skin cancer) and cardiovascular
events, according to baseline LSM, simple fibrosis
scores, and ELF score are shown in Supporting Table
S3. There was no significant difference in malignancy
events according to baseline LSM, ELF, NFS, and
FIB-4 categories and cardiovascular events according
to baseline LSM and ELF categories. There was a
higher proportion of cardiovascular events in patients
with indeterminate and high-baseline NFS categories
(P < 0.001). In contrast, there was a higher proportion
of cardiovascular events in patients with indeterminate
and low-baseline FIB-4 categories (P = 0.033). In Cox
regression analysis of the abovementioned associations,
no HR was statistically significant (all P > 0.113).

Discussion

Noninvasive tests of liver disease severity are rec-
ommended for use in community and primary care
settings to exclude advanced fibrosis and to select
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people requiring further assessment for high-risk
NAFLD. There is limited information, however, about
how well these tests identify the subgroup of people
with NAFLD who develop liver- or non-liver-related
clinical events. In this study, we assessed whether
individual simple fibrosis scores, LSM, or serum ELF
test predicted adverse clinical outcomes in an at-risk
population that was assessed for NAFLD with clini-
cally significant fibrosis. During a median follow-up
of 50 months, decompensated liver disease or primary
liver cancer occurred in 6 of 35 (17.1%) patients with
baseline LSM > 13 kPa, 1 of 17 (5.9%) patients with
LSM 9.5-13 kPa, and in no patients with LSM < 9.5
kPa. In 4 of the 7 patients who developed decompen-
sation or primary liver cancer, NAFLD with clinically
significant fibrosis was a new diagnosis at the time
of initial recruitment and assessment of this high-risk
population.

This study demonstrates that, using current LSM
cut-off values for advanced fibrosis (29.5 kPa) and
cirthosis (>13 kPa), LSM can identify the subgroup
of patients with NAFLD at risk of future liver-
related decompensation events and mortality as well
as patients at risk of developing portal hyperten-
sion, including gastroesophageal varices. These find-
ings support an earlier study of consecutive patients
with NAFLD (n = 2,245) presenting to two centers
for noninvasive diagnosis of liver fibrosis in France
and Hong Kong."™® Over a median follow-up of 27
months, baseline LSM > 12 kPa was an independent
predictor of overall survival (adjusted HR, 2.85; 95%
CI, 1.65-4.92; P = 0.0002) and liver events (Gray test,
P < 0.0001) and the incidence of HCC increased with
baseline LSM (<12 kPa, 0.32%; 12-18 kPa, 0.58%; 18-
38 kPa, 9.26%; and >38 kPa, 13.3%)."® Similarly, in
a cohort of patients with NAFLD and compensated
advanced chronic liver disease (n = 1,039) followed for
a median time of 36 months, baseline LSM predicted
liver decompensation (HR, 1.03; 95% CI, 1.02-1.04;
P < 0.001) and liver-related death (HR, 1.02; 95% ClI,
1.02-1.03; P = 0.005).(19) It is of interest that none
of the noninvasive tests studied were informative for
cardiovascular or non-liver cancer events. Our data
agree with results reported in the recent large study
of NAFLD and compensated advanced chronic liver
disease in which baseline LSM (HR, 1.01; 95% ClI,
0.99-1.03; P = 0.15) was not associated with occur-
rence of cardiovascular events at univariate Cox
regression analysis.'? In the latter study, baseline



HEPATOLOGY COMMUNICATIONS, Vol. 6, No. 4, 2022

JOHNSONET AL.
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FIB-4 I I I
ELF |
NFS
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Key
FIB-4 and Low risk 1 Decompensation events/Primary liver cancer
NS Store Indeterminate risk 2 Portal hypertension only
High risk 3 LSM >13 kPa (No LRC)
4 LSM 9.5-13 kPa (No LRC)
ELF <9.8 5 LSM8-9.4kPa (No LRC)
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FIG. 1. Heatmap illustrating baseline scores according to LSM and liver-related complications. Patients’ baseline fibrosis scores were
taken and follow-up data collected within 0.52 to 5.62years. Patients who had a liver decompensation event and/or a diagnosis of primary
liver cancer are shown in Section 1. All patients had an LSM 29.5 kPa and an NFS risk that was high or indeterminate. FIB-4 and ELF

scores had low-risk values. Similar results were found for patients who had only portal hypertension. Abbreviations: DE, decompensation

events; PLC, primary liver cancer; LRC, liver-related complications.

LSM was associated with occurrence of extrahepatic
neoplasm (HR, 1.02; 95% CI, 1.00-1.04; P = 0.03)
in the univariate analysis but not in the multivariate
analysis (HR, 1.02; 95% CI, 0.99-1.04; P = 0.12).19
In a cohort of consecutive patients with NAFLD of
any severity, patients with baseline LSM > 12 kPa had
higher incidence of cardiovascular events at 1, 3, and
5 years than patients with LSM <12 kPa (Gray test,
P = 0.0004), but LSM was not associated with inci-
dence of non-liver cancer (Gray test, P = 0.169).1%
Most primary care clinicians do not have ready
access to FibroScan, and LSM is usually only obtained
on referral to secondary care. However, simple scor-
ing systems (FIB-4, NFS) are readily determined in
primary care and demonstrate acceptable diagnostic
performance for excluding advanced fibrosis and iden-
tifying patients requiring further assessment for high-
risk NAFLD.®” Importantly, our current study shows
that NFS can also identify the subgroup of patients
with NAFLD at low risk of future liver-related clin-
ical events. In particular, no patient with low-risk
NFS developed liver decompensation or liver-related
mortality. Following repeat NFS at the end of fol-
low-up, all patients with a liver-related complication

were in the high-risk NFS category, suggesting that

@ may have a

longitudinal changes in the NFS score
role in predicting adverse liver outcomes.

Patients who developed liver-related complications
were also more likely to have baseline high-risk FIB-4
scores or ELF test 9.8 compared to patients who
did not develop liver-related events. However, in this
cohort, a low-risk FIB-4 score or ELF test < 9.8 did
not preclude the development of liver-related com-
plications. Our study was not designed to compare
the predictive value of the noninvasive tests, and it is
likely that a combination of these tests may be better
predictors of liver-related outcomes in different situa-
tions. Our findings support and extend an earlier ret-
rospective study of patients with NAFLD (n = 320)
with a median follow-up period of 104.8 months in
which both intermediate- and high-risk NFS cate-
gories at baseline were significantly associated with
a higher likelihood to develop liver-related events.?
In the latter study, only the high-risk FIB-4 category
increased the likelihood of developing liver-related
events compared to the low-risk category.??

Our study affirms the high prevalence of cardio-
vascular disease present in more than one third of
the cohort at follow-up and responsible for the most
common cause of death. Extrahepatic malignancy was
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also common (present in 14% of the cohort at fol-
low-up) and was the second most common cause of
death, along with liver-related complications. The rate
of development of a decompensation event or HCC
was low (2.1% per year) in our patients with compen-
sated cirrhosis (LSM > 13 kPa) and is consistent with
the annual rate of decompensation from baseline com-
pensated cirrhosis (2.4%) in a large community-based
study of NAFLD in the United States (n = 98,312
patients, followed for a median of 4.13 years).m)
However, due to the high prevalence of NAFLD in
people with obesity and T2D, these events are pro-
jected to lead to a substantial increase in NAFLD-
related disease burden over the next decade.)
Although our study lacked a formal protocol to fol-
low patients without advanced fibrosis who were not
reviewed in the hepatology clinic, we believe that if
liver-related complications, cardiac events, or malig-
nancy occurred, these events were likely to be recorded
in the hospital and/or primary care electronic medical
record. Key strengths of our study are the assessment
of clinical outcomes in a cohort of patients from an
endocrine clinic and primary care facility who were
screened for NAFLD with clinically significant fibro-
sis and follow-up data were collected for all patients
included in the study. Nevertheless, our findings
should be interpreted with caution due to the small
sample size and relatively short follow-up, particularly
for some of the study endpoints (e.g., malignancy
events) resulting in little statistical power to assess
differences between groups with certainty. As a result,
there may have been differences that the study did not
detect. The data confirm that liver fibrosis risk strat-
ification in non-hepatology settings can identify the
subset of patients at risk of liver-related complications
who require referral for specialist care. Nevertheless,
further work is required in a larger cohort of patients
and with longer follow-up data to assess whether this
approach improves clinical outcomes and is cost effec-
tive by decreasing unnecessary hepatology referrals.

Acknowledgment: Siemens Healthineers provided the
Enhanced Liver Fibrosis test.
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